Purpose Our previous study demonstrated breast-conserving surgery with radiation therapy (BCT) to be at least equivalent to mastectomy in T1-2N0-1 breast cancer. Yet, 10-year survival rates after BCT and mastectomy with radiation therapy (MAST) in T1-2N2 breast cancer specifically have not been examined. Our study aimed to determine 10-year overall (OS), relative (RS), and distant metastasis-free survival (DMFS) in T1-2N2 breast cancer after BCT and MAST, stratified for T category.
Introduction
Randomized controlled trials (RCTs) have shown equal survival for breast-conserving surgery with radiation therapy (BCT) and mastectomy without post-operative radiation therapy (RT) [1] [2] [3] . These studies are conducted in the eighties, while treatments have been improved over time. Besides, RCT populations may not adequately reflect the real-life population [4] . Therefore, population-based studies, as long as they are properly designed, may increase our knowledge regarding treatment effects in daily practice. Our previous population-based study showed at least equal 10-year overall (OS), relative (RS), and distant metastasisfree survival (DMFS) for BCT compared to mastectomy (without RT) in T1-2N0-1 breast cancer [5] , thereby confirming results of other studies [6] [7] [8] [9] . Since N2 stage harbors a worse prognosis compared to N0-1 [10] , and Dutch guidelines recommend RT for N2 [11] , it is of importance to study treatment options in these patients specifically. However, no studies have been identified that investigated survival rates in T1-2N2 breast cancer distinctively. We investigated 10-year OS, RS, and DMFS in T1-2N2 breast cancer after BCT or MAST, both with RT, stratified for T category, on population-based data.
Methods Patients
The study population was selected from the nationwide Netherlands Cancer Registry (NCR) [5] . All 3078 female patients diagnosed with primary invasive breast cancer (morphology codes 8500-8575, excluding Morbus Paget's) between 2000 and 2004, with pathologically staged T1-2N2M0 disease, treated with BCT or MAST, both with axillary dissection and RT, were included. Cases were allocated to one of the treatment groups according to the most extensive operation of the primary tumor. Patients treated in foreign or unknown hospitals (n = 1), with undifferentiated tumors (n = 2) or macroscopic residual tumor after surgery (n = 4) were excluded, leading to 3071 eligible cases. For patients diagnosed in 2003 (n = 594), an active follow-up was conducted registering all recurrences within 10 years after diagnosis.
Definitions and outcomes
Definitions used are in concordance with our previous study [5] . Primary outcomes, determined on the complete 2000-2004 cohort, were 10-year OS (cumulative probability of being alive, 10 years after diagnosis) and RS (observed survival of the patient population divided by the expected survival of the general population, matched by sex, age, and year of diagnosis). Follow-up was calculated from date of diagnosis to date of death. The secondary outcome was 10-year DMFS, determined on the 2003 cohort. DMFS was defined as being free from distant metastases 10 years after diagnosis, with distant metastases being defined according to the consensus-based event definitions for recurrence classification of Moossdorff et al. [12] and DATECAN guidelines [13] . Follow-up was calculated from date of last surgery of the primary tumor to date of event. Events that occurred within three months after the date of primary diagnosis were considered as synchronous with the primary tumor and were not counted as events.
Statistical analysis
For both the 2000-2004 cohort and the 2003 cohort, patient-, tumor-, and treatment-related characteristics were summarized and compared between treatment groups using the v 2 , Fisher's exact or Wilcoxon rank sum test. Missing data, which were regarded as missing at random, were imputed as described previously [5] . Distributions of original and imputed data were compared (Online Resource 1), whereafter imputed datasets were used for multivariable analyses.
Unadjusted 10-year OS (2000-2004 cohort) and DMFS (2003 cohort) were estimated using the Kaplan-Meier method, and treatment groups were compared with the logrank test. Multivariable Cox proportional hazard analysis was performed to correct for confounding and estimate hazard ratios (HRs) with 95 % confidence intervals (CIs) for 10-year OS, RS, and DMFS. Ten-year RS is estimated by calculating excess mortality ratios (EMRs) with 95 % CIs using the Ederer II method [14] . Expected survival was based on life tables of the Dutch population. Age standardization was performed [15] . All analyses were stratified for T category.
In the multivariable analyses, potential confounding variables differing between treatment groups (p \ 0.1) and considerably contributing to the outcome in univariable analysis (p \ 0.1), were included in the model. Manual backward selection (p \ 0.1) was used to remove nonsignificant variables. The proportional hazards assumption was tested by the observation of scaled Schoenfeld residuals over time. Model fits were tested graphically by observation of Cox-Snell residuals. No deviations were found. All statistical tests were two-sided. To adjust for multiple testing (OS and RS) in the 2000-2004 cohort, Bonferroni correction was used and a p value of 0.05/ 2 = 0.025 was considered statistically significant. In the 2003 cohort, a p value \0.05 was considered statistically significant. All analyses were performed in STATA Ò 13.1 (StataCorp LP). 
Results

Eventually
Patient-, tumor-, and treatment-related characteristics
In general, patients in the BCT group more often had small, ductal, unifocal, well-differentiated, and hormone receptorpositive tumors localized in the outer quadrants of the breast, compared to patients in the MAST group. Patients over 79 years were less often treated with BCT. Patients treated with BCT more frequently received a combination of hormonal therapy and chemotherapy, compared to patients treated with MAST ( (Fig. 1a) . Median follow-up was 10.5 years. Kaplan-Meier analysis showed significantly improved unadjusted 10-year OS for BCT compared to MAST in the overall cohort, as well as in T1N2 and T2N2 separately (Fig. 2a, c, d ). T2N2 had worse prognosis compared to T2N1 (Fig. 2b) . Unadjusted 10-year RS showed a similar pattern (Fig. 3) . Estimates remained similar after stratification for T category. After adjustment for confounders, the overall HR adjusted for 10-year OS was 0.88 (95 % CI 0.77-0.99). After stratification, the HR adjusted was 0.83 (95 % CI 0.68-1.01) in T1N2 and 0.82 (95 % CI 0.71-0.96) in T2N2, indicating a significant difference in favor of BCT in T2N2, although estimates are similar to T1N2 (Table 2 ). No significant difference was found between BCT and MAST for overall 10-year RS EMR adjusted 0.89 (95 % CI 0.75-1.04). After stratification, the EMR adjusted was 0.81 (95 % CI 0.62-1.05) in T1N2 and 0.81 (95 % CI 0.67-0.97) in T2N2, revealing a statistically significant difference favoring BCT over MAST in T2N2 (Table 2) . (Fig. 1a, b) . Median follow-up times to first distant metastasis and death were 8.1 and 11.1 years, respectively. Kaplan-Meier analysis showed increased 10-year DMFS for BCT compared to MAST (Fig. 4a) . Ten-year DFMS was higher for T1N2 than T2N2 (Fig. 4b) . In T1N2, 10-year DMFS was not significantly different between BCT and MAST (Fig. 4c) , while BCT showed significantly better 10-year DMFS compared to MAST in T2N2 (Fig. 4d) . After correction for confounders, the overall HR adjusted was 0.87 (95 % CI 0.64-1.18). After stratification, the HRs were 1.15 (95 % CI 0.69-1.93) and 0.75 (95 % CI 0.51-1.11) in T1N2 and T2N2, respectively, indicating no significant difference in 10-year DMFS after BCT or MAST (Table 3) .
Additional analyses demonstrated a large recurrence peak 2 years after diagnosis, followed by two smaller peaks around 5 and 9 years after diagnosis, especially in T2N2 (Online Resource 3). . a Cumulative 10-year overall survival in the whole cohort, specified for type of primary surgery; b Cumulative 10-year overall survival of the whole cohort, specified for T and N stage; c Cumulative 10-year overall survival of the T1N2 subgroup, specified for type of primary surgery; d Cumulative 10-year overall survival of the T2N2 subgroup, specified for type of primary surgery. MAST mastectomy with postoperative radiation therapy; BCT breast-conserving surgery with postoperative radiation therapy
Discussion
To our knowledge, this is the first population-based study demonstrating at least equal 10-year OS, RS, and DMFS for BCT and MAST in T1-2N2 breast cancer. After stratification, T1N2 showed no significant difference between treatment groups regarding 10-year OS, RS, and DMFS. However, T2N2 showed significantly improved 10-year OS and RS after BCT, while 10-year DMFS was not significantly different between BCT and MAST. The finding that OS and RS are significantly improved after BCT compared to MAST in T2N2 (and borderline significant in T1N2) might be interesting in light of our previous publication [5] , where we found increased OS, RS, and DMFS after BCT compared to mastectomy (without RT) in T1N0 disease. Taking the limitations of observational studies into account, we postulated that RT might have played a role in this survival advantage, considering that these patients were barely treated with adjuvant systemic therapy. Since the current study population is treated with RT, and largely treated with systemic therapy, we would not expect survival differences. The difference between percentage of distant metastases (assuming this represents breast cancer-specific mortality) and dead due to all causes was larger in the MAST than in the BCT group, indicating that more patients in de MAST group died due to other causes. This might explain our finding that OS and RS were improved, but DMFS was equal for BCT compared to MAST. Our results are in concordance with the study of Chen et al., that showed equal OS for BCT and MAST, both with RT, in T1-2N2-3 patients [9] . However, they did not stratify the analysis for every T and N category, thereby masking a possible benefit of BCT in the T2 category, as we see in our data. The results are somewhat contrary to the findings of Fisher et al., who showed a significantly higher 5-year all cause [HR adjusted 1.57 (95 % CI 1.12-2.21)] and breast cancer-specific [HR adjusted 1.60 (95 % CI 1.09-2.35)] mortality after MAST compared to BCT in stage III breast cancer [6] . However, this is likely to be explained by a different patient population, a shorter follow-up, lack of stratification, and slightly different outcomes, making these studies difficult to compare. In addition, stage III breast cancer includes tumors larger than five centimeters with more than 10 involved lymph nodes. These tumors are often considered as contraindication for BCT [11] and are known to confer poor prognosis [10, 16] . As these patients are expected to be treated with MAST rather than BCT, the study might have suffered from excessive confounding by severity, leading to biased estimates [17] . Another difference with the study of Fisher et al. relates to the use of breast cancer-specific survival (BCSS). We calculated RS and DMFS as a proxy for BCSS, due to lacking data on cause of death. Interestingly, additional analysis on our data showed that 94.3 % of all deceased patients were diagnosed with a distant metastasis, indicating that DMFS might be a reasonable measure for BCSS (data not shown). Furthermore, we were able to account for a longer follow-up.
A main advantage of this study is its population-based character, including a large number of potential confounding variables. This, along with the use of a welldefined patient population, minimizes the chance on residual confounding. Another strength of this study is 10-year follow-up. Since recurrence peaks have been described to occur approximately 2, 5, and/or 9 years after diagnosis [18, 19] (which is also seen in our data), we were able to account for distant recurrences over long term. An additional strong point of this study is the use of exact (up to 1 mm) tumor size and exact number of positive lymph nodes. Since every centimeter in tumor size is associated with an ±10 % increase in 15-year mortality [16] , dichotomization of tumor size may have a large impact on the outcome. Furthermore, N2 encompasses four to nine positive lymph nodes. As increasing number of positive nodes is associated with worse outcomes [20] , we may have averted the possibly large impact of number of positive nodes on survival.
Alternatively, this study has several limitations. As this study is observational, confounding by severity and Table 2 Hazard ratios and excess mortality ratios of breast-conserving therapy versus mastectomy on 10-year overall and relative survival in MAST mastectomy with post-operative radiation therapy; BCT breast-conserving surgery with post-operative radiation therapy; HR hazard ratio; CI confidence interval; n number of patients; EMR excess mortality ratio a Corrected for year of diagnosis, age, social economic status, region, lateralisation, sublocalisation, histological tumor type, differentiation grade, tumor size (mm), number of positive lymph nodes, hormone receptor status, adjuvant systemic therapy b Corrected for age, region, differentiation grade, number of positive lymph nodes residual confounding cannot be ruled out, and results have to be interpreted with care. There is a lot of debate in terms of the battle between RCTs and observational studies. A recently published article compares the effect of RT after breast surgery estimated from RCTs (EORTC) with the effect estimated from observational data (SEER registry), concluding that observational studies provide less trustful estimates compared to RCTs [21] . However, since RCTs comparing BCT and MAST are all conducted in the eighties, and do not reflect the real-world population regarding age and comorbidities [4] , these results cannot directly be extrapolated to the entire breast cancer population. Our population-based observational study design reflects the real-world, which contributes to our understanding of the daily practice. As long as the research is of good quality and strengths and limitations of generated data are acknowledged, observational study designs can provide valid and important knowledge, as is confirmed by an editorial accompanying the above-discussed article [22] . A restriction of this study is the low number of events in the 2003 cohort. It remains uncertain whether a larger population would reveal more accurate estimates. Another a Cumulative 10-year distant metastasis-free survival in the whole cohort, specified for type of primary surgery; b Cumulative 10-year distant metastasis-free survival of the whole cohort, specified for T and N stage; c Cumulative 10-year distant metastasis-free survival of the T1N2 subgroup, specified for type of primary surgery; d Cumulative 10-year distant metastasis-free survival of the T2N2 subgroup, specified for type of primary surgery. MAST mastectomy with postoperative radiation therapy; BCT breast-conserving surgery with postoperative radiation therapy; DM distant metastasis-free survival limitation is the presence of missing data. However, to prevent exclusion of observed data from patients that have one missing variable, multiple imputation may be favored over complete case analysis. This is shown to result in equivalent, but more precise, effect estimates as obtained with complete case analysis [23] . We compared imputed analyses with complete case analyses. Indeed, estimates were similar (data not shown). Another restriction is lacking data on HER2 status. In 2000-2004, HER2 was not routinely determined, neither it was used in decision making regarding targeted therapy. This may affect the generalizability of the results to the current setting. Furthermore, since primary systemic therapy was only incidentally used in the studied patient groups (2000) (2001) (2002) (2003) (2004) , survival may be different in more recent, stage-wise comparable, populations. In clinical practice, patients with four or more positive lymph nodes used to be more often treated with MAST than with BCT (as is also seen in our data), although this might evolve following the introduction of primary systemic therapy. Our results confirm at least equal survival for BCT compared to MAST. Considering the superior cosmetic aspects after BCT alongside the psychological impact following MAST, BCT might be favored over MAST when both treatments are suitable options. Many patients still choose for MAST, primarily due to fear of recurrent cancer, access to immediate reconstruction, and use of MRI [24] . However, post-mastectomy RT has been associated with high surgical complication rates and implant loss among patients who underwent immediate reconstruction [25] . Therefore, if appropriate, patients should be offered both treatment options, in which risks and benefits need to be addressed in the light of a proper shared decision-making process.
Conclusion
These results demonstrate at least equal 10-year OS, RS, and DMFS after BCT as compared to MAST in T1-2N2 breast cancer patients. Based on these results, BCT is a good treatment option when feasible and appropriate. MAST mastectomy with post-operative radiation therapy; BCT breast-conserving surgery with post-operative radiation therapy; HR hazard ratio; CI confidence interval; n number of patients a Corrected for age, sublocalisation, differentiation grade, number of positive lymph nodes, adjuvant systemic therapy b Corrected for age
